INTRODUCTION
Ionically dispersed Pd, Cu, Pt, and Rh in CeO 2 have shown higher catalytic activity compared to the impregnated catalysts. [1] [2] [3] [4] [5] [6] Interaction of noble metal ions with CeO 2 support has played a crucial role in redox reactions bringing down the catalytic reaction temperature and decrease in activation energy. Oxygen storage capacity ͑OSC͒, a well known property of CeO 2 , acts as a buffer medium of oxygen required in redox reaction. Noble metal ion substitution in CeO 2 promotes reduction of the support at much lower temperature. However, the amount of lattice oxygen taking part in the redox reaction is small in pure CeO 2 .
Modification of CeO 2 by the substitution of smaller cation like Zr or Ti has shown enhancement of OSC. Zr substitution in CeO 2 forming Ce 1−x Zr x O 2 solid solution has been extensively studied in the literature. [7] [8] [9] [10] [11] Ti ion substitution in CeO 2 forming Ce 1−x Ti x O 2 solid solution has been reported by us recently. 12 In this oxide both Ce and Ti have four long+ four short bond with oxygen compared to ideal eight coordinations in CeO 2 . 13 Since both Ti and Ce ions are reducible, higher catalytic activity was observed in the presence of Pt and Pd ion. 12, 14 Therefore, understanding of the local structure of Pt and Pd ions in this mixed oxide is important. However, at 1 -2 at. % Pt or Pd ion substitution in Ce 1−x Ti x O 2 , it is often difficult to ascertain the structure by x-ray diffraction ͑XRD͒ alone.
Here we report local structure of Pt and Pd ions substituted in Ce 1−x Ti x O 2 by a detailed XRD, x-ray photoelectron spectroscopy ͑XPS͒, and extended x-ray absorption fine structure EXAFS study. ing the analyzer. The obtained spectra were curve fitted with Gaussian peaks after subtracting a linear background.
EXPERIMENTAL SECTION
Ti K, Pt L III , and Pd K edge EXAFS spectra in catalyst and reference samples were recorded at room temperature in the transmission mode with Si͑311͒ and Si͑111͒ doublecrystal monochromators at NW10A and BL9A beamlines, respectively, at Photon Factory, Japan. 16, 17 EXAFS was scanned from 4.7 to 5.6 keV, from 11 to 12 keV for Pt EXAFS, and from 24.2 to 25.6 keV for Pd EXAFS spectra. The photon energy was calibrated for each scan with the first inflection point of the absorption edge in respective metal foil. Both the incident ͑I 0 ͒ and transmitted ͑I͒ synchrotron beam intensities were measured simultaneously using ionization chamber filled with appropriate gases. The absorbers were made by pressing the fine powder samples into pellets of 10 mm diameter with boron nitride. To avoid the sample thickness effect, the total x was restricted to a value ഛ3 by adjusting the thickness of the absorber pellet where is the absorption coefficient and x is the sample thickness. 18 EXAFS data analysis was done using IFEFFIT program. The value of amplitude reduction factor ͑S 0 2 ͒ is deduced from the EXAFS spectra of respective metals with known crystal structural data. 19 The theoretical calculation of backscattering amplitude and phase shift functions is obtained by using FEFT ͑6.01͒ program. 20 The experimental EXAFS data were fitted with the theoretical EXAFS function using FEFFIT where intense Pt͑111͒ peak is observed. In the impregnated compound Pt͑111͒ peak is clearly observed, as indicated in Fig. 1͑a͒ .
1% Pt-substituted catalyst was reduced in 5 % H 2 / Ar gas at 300°C for 1 h. Color changed from gray to black. Figure  2 shows the XRD pattern of the reduced sample with magnification in the Y scale. Pt͑111͒ peak at 2 = 39.8 is not observed. This shows that short duration reduction does not allow Pt metal atoms sintering to metal particles. We believe that atoms are retained in the same sites as in the unreduced samples. A similar experiment has been reported in the literature as an evidence for Pd ion substitution in perovskite lattice. [22] [23] [24] However, reduction of Pt ion in H 2 and easy reoxidation in O 2 have been shown by XPS study earlier. 
EXAFS study
The k 2 weighted Fourier transform ͑FT͒ of Ti K-edge EXAFS in 1% Pt/ Ce 0.85 Ti 0.15 O 2 is presented in Fig. 7͑a͒ . These spectra are very similar to those of Ti EXAFS in Ce 1−x Ti x O 2 solid solutions 13 where we had reported that the oxygen coordination around Ti is distorted in these solid solutions. From experimental data analysis as well as first prin- cipal theoretical calculations it was found that of the eight O's surrounding the metal ion in fluorite structure, four come closer and four move away. The weighted EXAFS data in the k range 2 -10 Å −1 were transformed to R space and was fitted to the same 4 + 4 coordination model using Ti-O correlations and Ti-Ti and Ti-Ce coordination shells. The resultant backtransformed data along with the fit are presented in Fig. 7͑b͒ . The values of bond lengths and Debye-Waller terms are presented in Table I . When coordination was taken as 8, 6+2 or 4+2+2 fitting was poor. Figure 8͑a͒ shows the k 3 weighted FT of the Pt L III EXAFS spectra of Pt metal and PtO 2 along with their inverse 
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transforms. The Fourier transforms are not corrected for phase shift and hence the peaks are shifted to lower R values. However, as mentioned above, the values of bond distance quoted in the text and table are corrected for phase shift. For Pt metal foil, the Pt-Pt scattering peak is seen at 2.76 Å. In addition to it, a small peak on the lower R side of the main peak can be seen. This is caused by both the k-dependent behavior of backscattering amplitude and nonlinearly in the phase shift function. Pt-O correlation in PtO 2 appears at about 1.99 Å and a Pt-Pt correlation is observed at an average distance of 3.15 Å. The values of bond distance, coordination number, and Debye-Waller factors obtained from fitting the EXAFS data in the R range 1 -4 Å are presented in Table I . These values agree well with the structural data of Pt and PtO 2 .
In the case of 1% Pt/ Ce 0.85 Ti 0.15 O 2 ͓Fig. 8͑b͔͒, a strong peak at about 1.5 Å ͑phase shift uncorrected͒ is observed which is absent in Pt metal. This correlation is attributed to the Pt-O bond at 2.0 Å. Further a broad structure with at least three distinct maxima is seen in the range 2 -4 Å. This broad structure distinctly consists of at least three correlations and it is similar to that observed in 1% Pt/ CeO 2 . 26 But there are important differences in the two spectra particularly in weighting of the doublet structure, positions of the maxima as well as in the strength of the first Pt-O correlation at 2 Å. therefore, in Pt/ CeTiO 2 catalyst although Pt could be in similar environment as that in Pt/ CeO 2 the nature of correlations could be different. This could be due to distorted ceria-titania matrix that Pt finds itself in Pt/ CeTiO 2 . Therefore, to fit the EXAFS data, a model wherein Pt ion is substituted for Ce/ Ti ion in Pt/ Ce 0.8 Ti 0.2 O 2 structure forming a solid solution of the type Pt 0.01 Ce 0.79 Ti 0.2 O 2−␦ was considered. This model gave a good fit and the fitted parameters obtained are listed in Table I . In the solid solution phase, Pt has ϳ3 + 4 oxygen coordination at 2.0 and 2.63 Å in the catalyst. If Pt ions are substituted for Ce 4+ sites, the first coordination around Pt ion will be of oxide ions. In the case of Ce 1−x Ti x O 2 , Ce has distorted oxygen coordination around it with four oxygen ions coming closer and four moving away. Accordingly, the coordination of ϳ7 ͑4 short+ 3 long͒ for the Pt-O bond in the catalyst can be understood to be due to substitution of Pt 2+ ions for Ce 4+ ions just as Ti 4+ ion in CeO 2 accounting for overall oxide ion vacancy. Since 65% of Pt ions is in lower oxidation state, oxide ion vacancy is expected and the observed lower coordination supports this. Further, Pt-Pt, Pt-Ti, and Pt-Ce correlation were obtained at 2.76, 3.12, and 3.53 Å, respectively. These correlations indicate the presence of Pt ion in fluorite lattice. The total coordination number obtained was about 10 which is close to that expected for Pt substitution for Ce ion in ͑CeTi͒O 2 solid solution having fluorite structure. The Pt-Ce bond distance of 3.53 Å is also close to Ti-Ce distance ͑3.5 Å͒ obtained in ͑CeTi͒O 2 solid solutions. However, the Pt-Pt coordination number ͑ϳ4͒ is quite large. It must be mentioned here that while fitting, the coordination numbers were essentially kept fixed to their respective concentration ratio. In the case of Pt-Pt, Pt-Ti, and Pt-Ce, a good fit was obtained only for a combination of 4, 1, and 5, respectively.
The k 2 weighted FT of Ti K-edge EXAFS in 2 and 5 at. % Pd/ Ce 0.75 Ti 0.25 O 2 is presented in Fig. 9͑a͒ . This spectrum is similar to those of Ti EXAFS in Ce 1−x Ti x O 2 solid solutions. 13 The weighted EXAFS data in the k range 2-10 Å −1 were transformed to R space and were fitted to the same 4 + 4 model using Ti-O correlations and Ti-Ti and Ti-Ce coordination shells. The resultant backtransformed data along with the fit are presented in Fig. 9͑b͒ . The values of bond lengths and Debye-Waller terms are presented in Table II . The second shell in the Ti-O coordination sphere is ϳ3. This is due to creation of oxide ion vacancy for lower valent Pd 2+ ion substitution. Figures 10͑a͒ and 10͑b͒ show background subtracted k 3 -weighted Pd K EXAFS function with fit and its magnitude in Pd metal and PdO. The EXAFS spectrum of the catalyst is similar to that of PdO, indicating Pd to be in +2 state. The phase corrected values of EXAFS data are given in Table II . The FT of PdO shows three distinct peaks in the range 1 -3.5 Å. It is known from the crystal structure data that in PdO, Pd ion is surrounded by four O ions at 2.02 Å and Pd ions at 2.67 and 3.08 Å with coordination numbers 2 and 4, respectively. These shells contribute to the first two peaks while the third peak has contributions from 8 neighbored In the case of catalyst sample, a strong peak at about 1.5 Å ͑phase shift uncorrected͒ is seen and can be attributed to Pd-O correlation with a bond length of 2.02 Å. The coordination number obtained from fitting this peak is about 4. The fit, however, is not very good especially in the higher R region where a small correlation, especially in the sample containing 5% Pd, can be seen. Further there is a broad structure extending from little over 2 to about 3.5 Å. This structure is different from the twin peak structure seen in PdO both in terms of peak position and relative heights, indicating the local structure around the metal ion to be different in catalyst from that in PdO. Therefore, the EXAFS was fitted to a model wherein Pd substitutes Ce ion in distorted fluorite structure. 2 The fitting parameters obtained are presented in Table II and the fitted curves in the backtransformed k space along with those of Pd metal and PdO are presented in Fig.  12 . It can be seen that the first peak in the magnitude of FT of EXAFS spectra can be fitted with two Pd-O correlations at 2.02 and 2.47 Å, respectively. The total coordination number is about 7 which can be expected due to substitution of lower valent Pd 2+ ion in place of Ce 4+ ion. Further, the twin peak structure can be fitted with three correlations, Pd-Ti, Pd-Pd, and Pd-Ce at 2.89, 3.06, and 3.3 Å, respectively. The obtained coordination numbers are also in accordance with atomic concentration of each of these ions as well as the total coordination number is close to 12, which is expected for second coordination in fluorite structure. This clearly confirms that in 2% Pd/CeTiO 2 Pd 2+ ion substitutes Ce 4+ in a distorted fluorite structure. 
CONCLUSIONS

